tion of Streptomyces niveus with repeated transfers. Appl. Microbiol. 9: 342-345. 1961 .-Novobiocin production by Streptomyces niveus decreased drastically as the culture was transferred at regular intervals under both sporulating and nonsporulating conditions. Addition of degenerated live mycelium as second inoculum to shake flask fermentations already inoculated with a high-producing strain resulted in sharply depressed novobiocin formation. Fractionated medium of lowproducing strain containing either no cells or dead cells had no adverse effect on the antibiotic yield of the high-producing mycelium. It appears that the lowproducing mycelium was outgrowing the high-producing mycelium. A study of the growth rates of the two types of mycelium in a clear broth medium indicated no differences in generation time. However, the low-producing strain proved to have a higher efficiency of carbohydrate utilization, thus overgrowing the highproducing strain. It was speculated that culture instability of S. niveus is due to heterocaryosis.
Maintenance of culture stability, particularly with respect to the development of continuous fermentations, is of prime importance in industrial antibiotic fermentations. Williams and McCoy (1953) and Perlman, Greenfield, and O'Brien (1954) The present study deals with the investigation of possible physiological bases responsible for the degeneration phenomenon observed with S. niveus.
MATERIALS AND METHODS
Cultural methods. Stock cultures of high-producing S.
niveus strain BC-333 were stored on agar slants having the following composition: maltose, 10 g; BactoTryptone, 5 g; K2HPO4, 0.5 g; NaCl, 0.5 g; FeSO4-7 H20, 0.1 g; Bacto agar, 20 g; tap water to 1 liter; pH adjusted to 7.0 before sterilization. This strain originated from a single-spore isolate selected for its ability to produce novobiocin titers of 1,000 to 1,200 jig/ml (courtesy of Dr. B. W. Churchill).
The low-producing variant originated from the highproducing strain BC-333. It was transferred continuously at 3-day intervals in shake flasks in the vegetative state to insure a steady supply of low-producing cells during the experiments.
All fermentation studies were carried out in 500-ml wide mouth Erlenmeyer flasks containing 100 ml of medium. The flasks were incubated at 28 C on a rotary shaker at 250 xev/min with 2-in. eccentricity. The sulfite oxidation number as determined by the method of Cooper, Fernstrom, and Miller (1944) (1952) . Novobiocin was determined spectrophotometrically as described by Smith et al. (1958) and the values were uncorrected for isonovobiocin.
RESULTS

Degeneration of S. niveus strain BC-333 was evidenced through experiments of the following type:
Shake flasks were prepared with a spore suspension of the desired strain. After 3 days, mycelial growth had developed but antibiotic titers were low. Serial transfers were then made at a 5 % seed rate into the same culture medium at 3-day intervals. Parallel flasks prepared from each transfer were allowed to ferment for a period of 9 days and were then analyzed for novobiocin activity.
After 30 successive transfers the harvest titers had generally dropped from over 1,000 ,ug of novobiocin/ml in initial transfers to 100,ug/ml or less. Microscopically no morphological changes in the vegetative mycelium could be detected during progressive degeneration. However, the gradual reduction in titer was correlated with a gradual loss of the ability to produce spores when the mycelium was reinoculated onto agar slants. This is similar to the observations of Williams and McCoy (1953) Successive spore transfers of the high-producing strain of S. niveus were made from agar slant to agar slant at 6-day intervals and a spore suspension of each transfer was tested in shake flasks for antibiotic formation. Parallel to these deliberate sporulation transfers, vegetative transfers were maintained using the following technique: A spore suspension of the highyielding strain was inoculated into shake flasks and maintained in the vegetative state by submerged growth. To prevent sporulation along the necks of the rotating flasks, the walls were cleaned daily with a sterile scraper. No spores could be detected in the culture medium. Transfers of this vegetative mycelium were made every 3 days. Mycelium of each of these transfers was also tested in shake flasks for antibiotic production. Culture degeneration occurred under both sporulating and nonsporulating conditions as seen in Fig. 1 . Thus any genetic segregation occurring during the formation of the spores appears to have no direct relation to the degeneration of the culture.
It was of interest to investigate physiological interactions between high-producing mycelium and lowproducing mycelium of strain BC-333. Shake flasks were first inoculated with a spore suspension of the highproducing strain. These flasks were then incubated for 2 days, at which time considerable mycelial growth had been obtained. Parallel flasks of the same medium had been inoculated with a low-producing culture of the same strain and incubated for 5 days. Whole medium as well as various fractions derived from these lowproducing fermentations were then added to the 2-dayold preseeded shake flasks containing the high-producing cell population, as outlined in Table 1 . The results show that the presence of live cells of a lowproducing population in a normally high-producing population decreased the novobiocin titer drastically, whereas fractions containing either no cells or dead cells had no adverse effect on the yield of the highproducing population. This observation indicates that depression of antibiotic yield is linked to live, lowproducing cells and that extracellular factors such as inhibitors or novobiocin destroying enzymes, released into the medium by the low-producing cells, are not responsible for the low antibiotic titers.
The following experiment shows the effect on antibiotic yield of the time of adding the low-producing cells to a preseeded high-producing fermentation medium.
The first inoculum was a spore suspension of highproducing strain BC-333. The second inoculum was low-producing strain BC-333, 3 days old at a 10% seeding rate. Second inoculations were made at 0, 2, 4, 6, and 8 days after the first inoculation. Control flasks with low-producing and high-producing strains alone were run at the same time. The inhibiting effect of lowyielding second inoculum decreased sharply if added late in the fermentation period as shown in Fig. 2 
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indicating that the low-producing strain had probably overgrown the high-producing strain. It was therefore of interest to know if the low-producing culture, derived from the same parent culture, was a faster growing recombinant or mutant of the parent strain, and an experiment to compare growth rates was set up. To obtain true mycelial dry weights, a clear medium, free of extraneous solids, was used. It contained glucose monohydrate, 28 g; egg peptone,3 20 g; and beef extract, 10 g; in 1 liter of tap water (Smith, 1956) . Vegetative inoculum having received a minimal number of transfers was used as high-producing strain, and inoculum having 40 transfers in shake flasks was used as low-producing strain. Dry cell weights, total carbohydrate, and antibiotic titers were determined every 12 hr. The low-producing strain produced no antibiotic in this medium, whereas the high-yielding produced minimal amounts, less than 100 ,ug/ml. The results of this experiment are shown in Fig. 3 . Natural log plots of mycelial dry weights vs. time are given in Fig. 4 . The latter figure indicates that growth proceeded 3 Viobin Corporation, Monticello, Ill. (DAYS) exponentially for 65 hr after inoculation. The growth rate is given by the relation d (log,e) -/i; where dt x = cell dry weight, t = time, and ,u = growth rate constant as defined by MIonod (1950) and Herbert, Elsworth, and Telling (1956) . During the log phase, the two growth rates were almost identical, 0.0248 hr-1 for the low-producing strain and 0.0256 hr-1 for the high-producing strain, respectively. The yield constants, mg of cells produced per mg of carbohydrate utilized as defined by Monod (1950) and Herbert et al. (1956) were also found to be almost identical, 0.73 for the low-producing strain, and 0.87 for the high-producing strain.
A critical evaluation of the curves in Fig. 3 shows, however, that the high-producing strain produced only half as much mycelium per ml of medium as the lowproducer and that the high-producer had dissimilated only about one-third of the carbohydrate present in the medium. The low-producer, in comparison, was able to dissimilate almost all the carbohydrate. Since the novobiocin content in the medium was very low, it is unlikely that toxicity due to accumulating novobiocin was responsible for the inability of the high-producing strain to dissimilate carbohydrates further. Some unknown medium ingredient had probably become growth limiting in the case of the high-producing strain. This metabolic difference between high-producing and low-producing strains indicates that the low producing population can outgrow a high-producing one due to a higher efficiency of carbohydrate utilization.
This observed metabolic shift in S. niveus upon successive transfer supports the concept that loss of the ability to synthesize antibiotic is due to genetic rather than environmental factors.
DISCUSSION
Since cells of Streptomyces are multinucleate, their physiological behavior will be the result of combined genetic cooperation of different nuclei in a common cytoplasmic field, which is called heterocaryosis. It is conceivable that during growth these nuclei will divide at different rates thus causing a constant shift of the genetic configuration and consequently the phenotypic behavior of the population. Under the assumption that high antibiotic production is associated with a unique heterocaryotic nuclei composition (within the cytoplasm), which consequently is subject to gradual and progressive change during progenity, this concept would lend itself to a logical explanation for the described degeneration phenomenon of S. niveus. ACKNOWLEDGMENTS The technical assistance of Miss H. Vastrick, Mr. B. C. Bowersox, and Mr. B. Czuk is gratefully acknowledged.
